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Abstract 
Policies for sustainable development of transport rely on three pillars: striving for stable social and economic growth, while 
reducing the pollution and protecting the natural resources. Seaports play a significant role in economic growth of port cities. In 
each such a city the port generates even several thousand jobs directly connected with the port operation. Unfortunately, the port 
activities also affect the natural environment. Both sea vessels and means of transport used in the hinterland are a major source of 
pollution. The purpose of this article is to present the role of port authorities in creating sustainable growth of transport through 
striving for reduction of transport externalities. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of Green Cities 2016. 
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1. Introduction 
The constant striving to increase both the efficiency of the European transport system and reduction the harmful 
impact of transport on the environment, has become the main objective of EU transport policy. The primary task 
designed to achieve this goal was to modal shift from road to other modes of transport, whose negative environmental 
impact is lower. 
One of the key tools of EU transport policy in this area is a systematic increase in strict requirements for safety and 
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emissions level in road transport while promoting the development of other modes of transport such us maritime 
transport. The lower social harmfulness of maritime transport is mainly due to economies of scale, manifesting itself 
in a much larger capacity of maritime transport than other branches of transport. 
Although sea transport is considered as the environmental friendly mode of transport it could pose problems in port 
cities a as a result of growth of pollutant emissions in port areas. The objective of this paper is to highlight the problem 
of the social impact of port activities on the port cities and present the role of port authorities and port operating 
companies in creating the sustainable transport.  
 
2. Literature overview 
The global civilization progress has led to the imbalance between the social and economic development, and the 
natural resources condition. This imbalance results in a serious risk of economic, ecological, social and political 
instability (Załoga, 2006). The concept of sustainable development was for the first time defined by the World 
Commission on Environment, headed by Gro Harlem Brundtland, as development that “meets the needs of the present 
without compromising the ability of future generations to meet their own needs” (Report of the World Commission).  
The goal of sustainable development is economic growth necessary to provide well-being to people, while taking 
into account the public good, justice and conditions necessary for preserving the resources and qualities of the natural 
environment (Kronenberg & Bergier, 2010). Sustainable economic growth comprises both endogenous factors (such 
as e.g. an increase in labour efficiency, investment layouts, employees' knowledge and experience) and exogenous 
factors (e.g. changes in allocation of resources in the economy, changes in legal regulations, cultural and social 
changes, access to natural resources) (Jedliński, 2012). One of the main strategic goals of sustainable growth is 
sustainable transport. Sustainable transport can be defined as transport that „does not endanger public health or 
ecosystems and meets needs for access consistent with (a) use of renewable resources below their rates of regeneration, 
and (b) use of non-renewable resources below the rates of development of renewable substitutes.” (Environmental 
criteria for sustainable transport, 1999 ). According to L. Steg and R. Gifford (2005), sustainable transport should be 
understood as searching for proper balance between economic, social and environmental values. On one hand, 
sustainable transport should be available, inexpensive, efficient and diverse, on the other hand it should be 
characterized by low-emissions, energy-efficiency and safety for the natural environment as well as for human life 
and health (Kotowska, 2014). It is hard to overestimate the economic and social role of transport, however, it also 
generates negative social and environmental effects referred to as externalities. Transport externalities result mainly 
from environmental pollution caused by fossil fuels combustion by vehicles. (A Vision for the 21st Century, 2007). 
The main constituent of emissions resulting from transport operations is carbon dioxide - a greenhouse gas that has 
global effects. Large concentration of greenhouse gases leads to global warming which in turn results in the growing 
number of local floods, hurricanes, droughts and sea level rising (Schreyer et all., 2004). The greenhouse effect is also 
thought to be responsible for the changes in sea currents circulation. Human activity is considered to be the main 
source of CO2 in the atmosphere. 80% of CO2 emissions comes from fossil fuels combustion (Pepper et all., 1992)., 
out of which ca. 30% is generated by transport (Schmalensee et all., 1998).  
Transport activity emits also sulphur oxides and nitrogen oxides, which are responsible for the formation of acid 
rains,. They also have a strong impact on human health and life, resulting in pulmonary and cardiovascular diseases 
and cancers (Pawłowska, 2000). Nitrogen oxides influence also on the aggravated haze in the city areas and climate 
change (Jiang, 2011). Increased nitrogen in water bodies has an impact on the chemical balance of nutrients used by 
aquatic plants and animals, it also leads to oxygen depletion and reduces fish and shellfish populations. 
Emissions also include non-methane volatile organic compounds (nmVOC) which are detrimental to human health. 
They have carcinogenic and mutagenic effects, and may also cause allergies. Another threat to the natural environment 
includes solid particles such as soot, as they tend to bind toxic substances, e.g. carcinogenic hydrocarbons and heavy 
metals. They cause irritation of eyes, skin and airways, they may cause pneumoconiosis, allergies and poisonings. 
Apart from the above, transport operations also result in noise, road accidents and congestion.  
The maritime transport is promoted as the most environmental friendly mode of transport, because it generates 
relatively low external costs (Grzelakowski, 2004; Klopott & Urbanyi-Popiołek, 2012; Mindur & Wronka, 2007). The 
authors mainly emphasize the lower, than road transport, number of accidents, reduced congestion and lower 
emissions (Lee, Hu and Chen, 2010; Medda and Lourdes, 2010).  
However, maritime transport may cause externalities not less than road transport. Increasing globalization has led 
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to a strong growth in international shipping activity, which results in increase in cargo handling in seaports. Ocean-
going ships consume about 2-3% of fossil fuel. Sea transport is a considerable emitter of greenhouse gases. Global 
CO2 emissions from maritime shipping almost tripled between 1925 and 2002 (OECD, 2010) Maritime transport is 
also a heavy contributor to SOx and NOx emissions (Dore, 2006, Doudnikoff, Lacoste, 2014; De Meyer et. al., 2008; 
Hongisto, 2014), which cause problems in coastal areas and harbours with heavy traffic. High increases of short-lived 
pollutants (e.g. NO2) are found close to the region with heavy traffic e.g. the English Chanel and the North Sea 
(OECD, 2010). The research done by Song (2014) in the Chinese port of Yangshan has shown that the external costs 
generated by sea vessels amount to nearly 5% of the revenues from port operation. 
Seaports are the links in the land-sea transport chains. The literature emphasizes primarily the fact that the 
development of seaports contribute to the modal shift from road to sea, and thus have an impact to reduce external 
costs of transport activity. Studies have shown that the activity of the container terminals in Poland contributes to the 
generation of social benefits resulting from the modal shift of about 100 million euros every year (Kotowska, 2013).  
Port cities are exposed to significant transport externalities, not only by sea vessels operated in the harbour, but 
also by road transport which is increased in port cities due to handling transport operations in the hinterland (Viana 
et. al., 2014). In such cities, apart from the primary traffic connected with production and consumption of goods 
(Lindholm & Behrends, 2012), there is also secondary traffic generated by the transshipment operations in the port. 
Urban activities in port cities are accompanied by large movements of freight characterised by delivery trucks moving 
(Rodrigue et al., 2006).  
The role of ports in creating a policy for sustainable development has been put in focus since the beginning of the 
21st century. S.J. Pettit (2008) analysed the policy for port development, particularly the changes with regard to the 
attitude to its role in creating sustainable growth in British ports. Gibbs et all. (2014) indicated that ports may have 
more impact through focusing efforts on reducing shipping emissions, which are far greater than those generated by 
port activities. Puig, Wooldridge and Darbra (2014) took care of the problem of the identification and selection of 
Environmental Performance Indicators (EPIs) for sustainable port management for Port Authorities. Acciaro et all. 
(2014) noted that more and more port authorities develop energy efficient plans aimed at monitoring and consequently 
reducing emissions of greenhouse gases in seaports.  
3. Methodology 
The paper is focused on question how do port authorities and port operating companies play a proactive role in 
promoting sustainable transport. In order to answer this question the multi-case study of actions of selected  European 
and American port authorities and port operating companies was prepared. The case study data come from the 
publications, press releases and information of port authorities and port operating companies. The identified port 
actions promoting the sustainable transport were classified according to the activity area. The programs were 
categorized according to type of external benefits, type of initiative and recipients of the programs. 
4. The role of ports in creating sustainable development 
The first EU initiative aimed at reducing pollutants emissions in port cities was Directive 2005/33/EC (Kotowska, 
2015). Since 2010 the Directive has required the use of 0.1% sulphur fuel oil by ships berthing at EU ports. This 
restriction brought tangible benefits in short time. The research conducted in Mediterranean ports has shown that the 
introduction of the directive requiring all ships at berth or anchorage in European harbours to use low sulphur fuels 
led to a decrease in the sulphur dioxide concentrations of up to 66% (Schembari et. al., 2012). 
The measures taken by ports authorities aiming at reducing transport externalities focus on two areas: 
x protection of the natural environment in the vicinity of seaports, which translates into various forms of impacting 
the vessel owners and operators of vehicles used in the hinterland, aimed at reducing the emissions of pollutants. 
x improving the transport availability and connections with the port's hinterland and foreland, which translates into 
increasing the supply of transport services and which indirectly affects the modal shift from road to sea, and thus 
the global reduction of transport externalities. 
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The first group includes initiatives taken by port authorities and having a direct impact on maritime companies and 
overland (road and railway) carriers, mainly with regard to reducing the adverse impact on the port environment. 
Some of the initiatives are focused on changes to be made in the ports themselves (tab.1).  
The initiatives of port authorities addressed at maritime companies mainly regard financial incentives for vessel 
owners whose ships pollute the port environment to a lesser extent compared to others. Such solutions have been 
introduced by ports in Le Havre, Bremen, Hamburg, Rotterdam, Amsterdam, Antwerp, and others. In 2011, acting on 
the initiative of International Association of Ports and Harbours, these ports introduced a system of port fee discounts 
awarded to ship owners depending on the ship's emissions level. The discount is granted based on Environmental Ship 
Index (ESI) that classifies ships in accordance with its carbon dioxide, nitrogen and sulphur oxides emissions level 
from 0 – the highest to 100 – the lowest emissions. Port authorities in Hamburg (HPA) and Antwerp have introduced 
a 10% discount for vessels whose index was no less than 20. Rotterdam grants a 5% discount, and Amsterdam – a 
lump-sum discount amounting to EUR 300 for fees exceeding EUR 8,000 (Kerr, 2011).  
Similar solutions are also used outside Europe. San Pedro Bay ports: Los Angeles, San Diego and Long Beach 
have implemented the Clean Air Action Plan aimed at reduction of environmental pollution in the region. The 
programme comprises three initiatives of which two regard maritime carriers: 
x Speed Reduction Program – aimed at reducing the speed of ships entering the port down to 12 knots in the 
distance of 20 nautical miles from the port, so that the ships use less fuel and emit less pollution, and the 
authorities guarantee that the ships will be served in the same sequence they entered the speed restriction zone. 
x Vessel Main Engine Fuel Incentive Program – it encourages ships to use low sulphur fuel at the distance of 20 or 
40 nautical miles from the port, the fuel price difference is covered by the ports (Klopott, 2009). 
     Table 1. Selected port initiatives of external costs reduction. 
external benefities type of 
initiative 
program 
recipients 
characteristics of the initiative port samples 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
maritime 
operators 
port dues discount for ships with lower 
emissions 
Le Havre, Hamburg, 
Bremerhaven, 
Rotterdam, Antwerp, 
Amsterdam 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
maritime 
operators 
speed reduction of the ship entering the port Los Angeles, Long 
Beach, San Diego 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
maritime 
operators 
discount for ships using low sulphur fuel Los Angeles, Long 
Beach, San Diego 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
rail operators discount for rail operators using low 
emission locomotives 
Hamburg 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
truck 
operators 
a ban on entry of vehicles with high 
emissions 
Los Angeles, Long 
Beach, San Diego 
reduction of the pollution 
and greenhause gases 
public / port 
authority 
maritime 
operators 
cold ironing - supply of electricity from 
shore 
Goeteborg, Lubeck, 
Kemi, Oulu, Zebruuge, 
Antwerp 
reduction of the pollution 
and greenhause gases 
private / port 
companies 
port 
companies 
replacement of diesel to electric AGV; the 
power supply terminal from renewable 
sources (HHLA Container Terminal 
Altenwerder) 
Hamburg 
reduction of the 
congestion 
private / port 
companies 
truck 
operators 
the port fee increase for trucks in peak hours Los Angeles, Long 
Beach, San Diego 
 
Another group of solutions comprises the initiatives taken by port authorities and addressed at overland carriers. 
The port authority in Hamburg introduced discounts for railway operators who use engines equipped with solid 
particles filters (Green Port of Hamburg - Combining economic growth and sustainability). The aforementioned ports 
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in the San Pedro Bay run the Clean Trucks Program – aimed at reducing emissions from road vehicles by 80% within 
5 years. Accordingly, as of 2008 the port premises may not be entered by vehicles with year of manufacture 1988 or 
earlier, then gradually the right to enter will be denied to vehicles produced in subsequent years (Klopott, 2009). Other 
initiatives are taken by terminal operators themselves. The PierPass programme is under way in the ports of Los 
Angeles – Long Beach. The non-profit organisation PierPass was established in 2005. Its shareholders are all the 
operators of container terminals located between Los Angeles and Long Beach. Under this program, extra fees 
amounting to USD 50 are charged for handling containers brought to the terminals by road vehicles in peak hours 
(3:00-18:00). The proceeds go to those terminals that work 24 hours a day and are on duty at weekends, to compensate 
any additional operating costs and labour costs incurred in night hours and during public holidays. Due to this 
initiative, after 6 months from starting the program, 35% of the containers were handled in night hours (Port 
competition and Hinterland Connection, 2008). 
Sustainable growth of transport is also positively affected by the changes taking place in the ports themselves. The 
leader with respect to introducing solutions to reduce pollution emissions is the port in Hamburg. Since 2009 all 
vessels being part of the port equipment have been using low sulphur fuel. Besides, all the berths for barges and ferries 
are equipped with electrical service connections. A similar situation is in other European ports. Ca. 30 % of ships 
calling at the port (according to the number of calls) in Göteborg use the shore connection (cold ironing). Ultimately, 
the shore connection system is to be provided for all ferry and Ro-Ro quays in that port. Shoreside electrical power is 
already supplied to ships at berth in the ports in Lübeck, Kemi, Oulu, Zeebrugge, Antwerp (container terminal) (Port 
of Gothenburg news release). The Göteborg port also analyses the possibility of adapting the port infrastructure for 
bunkering the LNG fuel. Many port companies have joined the „Eco Partnerhip” programme in order to promote 
sustainable growth. HHLA’s Altenwerder terminal will be using only renewable energy. Moreover, there are plans to 
replace the IC-powered automated guided vehicles (AGV) with electric vehicles (Green Port of Hamburg - Combining 
economic growth and sustainability). 
The second group of measures taken by ports to improve the port environment is the actions taken to promote the 
modal shift: reorganisation of the whole transport chains, consisting in shifting cargo from roads to sea, and aiming at 
changing the structure of hinterland transport: shifting the freight intended for maritime transport from roads to railway 
and inland waterway transport (tab.2).  
     Table 2. Selected port initiatives influencing on modal shift. 
type of initiative characteristics of the initiative port samples 
private / port companies purchase of shares intermodal operators Hamburg 
public / port authority purchase of shares of inland intermodal terminals Barcelona 
public / port authority changes in lease agreements with port operating companies requiring an 
increase of environmental friendly modes of transport in hinterland connection 
Rotterdam 
public / port authority operational integration with inland ports Le Havre 
public / port authority improving the quality of barge handling in the port: separating barge terminals, 
establishing IT systems for streamline the barge handling  
Rotterdam, 
Antwerp 
 
This group also includes investment initiatives, whereby port authorities or port operators take over shares in 
transport or transshipment companies operating in the port vicinity, in its broad sense. The measures focus mainly on 
improvement of the interconnections between the port and the hinterland, through investments made by port 
authorities or port operators in business operations of e.g. railway transport companies or intermodal terminals. For 
example, HHLA Intermodal GmbH, member of HHLA Group (Hamburger Hafen und Logistik AG) holds shares of 
the intermodal operator – Polzug that organises transport with container trains from Hamburg to Poland, Ukraine and 
Russia, among others. HHLA also holds 86.5% shares of Metrans – the company operating in the territory of, inter 
alia, the Czech Republic and Slovakia. An example of a focus on intermodal terminals is the port authority in 
Barcelona, which has invested in intermodal terminals and dry ports in the hinterland in cities such as: Zaragoza, 
Toulouse, Perpignan, Madrid, Guadalajara and Girona (A diversified port, 2012). 
Port authorities have an impact on changing the structure of hinterland transport also via organisational and legal 
measures. For example, the port in Rotterdam, in order to increase the share of environmentally friendly modes of 
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transport in serving the hinterland, is planning to gradually introduce changes to the lease contracts for port premises 
used for transshipment purposes. Such new contracts shall stipulate that the share of inland waterway in hinterland 
transport can be no less than 45%, and of railway – no less than 20%. Port authorities support the modal shift in the 
hinterland via all kinds of initiatives aimed at improving the quality of serving the railway and inland waterway 
transport through e.g. construction or separation of dedicated barge terminals (e.g. in Rotterdam), establishing IT 
systems to streamline the barge handling (e.g. Barge Transport System in the port of Antwerp), establishing IT 
platforms for the port users, helping to identify the possible regular railway or barge connections, to specify the 
delivery time and transport distance (e.g. Inland Links in the port of Rotterdam). 
The ports also exert an indirect impact on the modal shift via creating an investment network with other ports 
located in strategic points of the port's foreland and hinterland. In this way the port authorities in Rotterdam extended 
its range of activities, establishing a public company Mainport Holding Rotterdam (MHR). Establishing the company 
significantly facilitated and accelerated the decision-making process. For example, in 2001 this helped to take over 
part of the shares of the intermodal operator CSKD-Intrans. One of the current goals of the Rotterdam port authorities 
is managing the built-up network of ports located in the foreland in places like Brazil, Asia, India, Russia, the 
Mediterranean and the Black Sea basin. MHR is a shareholder of the port in Sohar, Oman, moreover, it has signed an 
agreement on developing cooperation with parties representing: Porto Central in Brazil, Rosmorport in Russia, OP 
port in Qatar, the port in New York, USA, (Rotterdam, 2014). The port in Le Havre intends to enhance its position 
through integration with other port entities: together with the seaport in Rouen and the inland port in Paris it established 
the HAROPA Group. This has enhanced the rank of ports in the region. Its main goals is promoting the ports and the 
region and adjusting the ports services to the customers' requirements. As a result of the Group activities, in 2013 the 
global container carrier Evergreen Line chose Le Havre as the base port for its Asia-Europe services. It is the first port 
of call in Northern Europe of Europe - French Asia Line (FAL3).  (HAROPA, 2013). 
5. Summary 
Seaports, being transport nodes, generate significant social costs resulting from emissions of pollutants and 
greenhouse gases by sea vessels, and also due to operation of the hinterland transport as well as road accidents and 
congestion. Port operation is a considerable burden for port cities inhabitants, therefore many ports have started 
implementation of solutions aimed at reducing transport externalities. The examples presented in this article show the 
multi-faceted approach of port authorities and port operating companies. On the one hand, they take internal measures 
such as preparing a number of financial incentives and infrastructural facilities to reduce pollutants emissions by sea 
ships and hinterland transport vehicles. On the other hand, they take active part in initiatives aimed at the modal shift, 
i.e. investments in the access infrastructure (for railway and inland waterway transport) or binding the port with its 
hinterland and foreland via the organisational structure and investments.  
Summing up the deliberations on social costs of port operations and the role of port authorities in reducing them, 
it must be emphasised that seaports are first and foremost service companies that directly employ even several 
thousand people (the indirect and induced employment is even greater), which means that they generate considerable 
social benefits, contributing to economic growth of the region. Here introduce the paper, and put a nomenclature if 
necessary, in a box with the same font size as the rest of the paper. The paragraphs continue from here and are only 
separated by headings, subheadings, images and formulae.  
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